TiAlN, TiSiN, and TiCrN composite layers were deposited by magnetron sputtering and sliding angle ion beam sputtering of the inner surface of hollow truncated cones of dierent compositions. The composition of both type coatings and component depth distributions were studied by the Rutherford backscattering spectrometry. The structural and phase analyses of the deposited lms were performed by transmission electron microscopy and diraction. Microhardness, wear resistance and friction coecient of the coatings were also measured and discussed in the relationship with the structure and composition. Microhardness tests showed that the registered data varied in the range 10 to 50 GPa, depending on composition and concentration of components. The best wear protection results from the magnetron deposited TiAlN systems in a narrow range of component concentrations. A minimal friction coecient was revealed for the magnetron sputtered layers.
Introduction
Current research is directed towards designing multicomponent materials that accomplish multiple performance objectives in a single system or advanced materials exhibiting improved or outstanding performance. Examples of both possibilities can be found in the eld of protective coatings, combining hardness with other suitable properties as low-friction, thermal and wear resistance. In fact, hardness is traditionally the most demanded property for protective coatings. Nanocomposites are structures conceptually similar to polycrystals but including the second phase among crystals. As a result, they are formed by nanosized crystals (typically, based on hard phases as nitrides or carbides) embedded in the second phase. The nature of components, crystal size, and amount of each phase determine the nal properties of the composite material [13] .
Hard coatings, such as TiN deposited on machining tools, have been widely used for increasing lifetime and performance of cutting tools [4, 5] . However, TiN begins to oxidize in air at 500
• C, which limits its industrial application in high speed and dry machining [6] . The TiAlN and TiSiN nanocomposites consisting of TiN nanocrystals embedded in the amorphous AlN or Si 3 N 4 phases [3, 7] have exhibited a super hardness and excellent thermal stability, being widely applied in dry and high-speed cutting treatments [8] . The TiCrN nanocomposite is also of great interest from the point of view of practical applications [9] . The main task of this paper is to nd a correlation between the composition and structure of the coating and its mechanical and tribological properties.
Experimental procedure
The substrates in all cases were made of polished stain- Moreover, the RBS spectra enable us to register high concentration of oxygen (up to 30 at.%) in the deposited layers (Fig. 1 ). This contamination may be caused by the oxygen ow from the residual gases and the target surface oxide. The oxygen concentration decreases up to 610 at.% only by the previous long-time (about 1000 s) training of the sputtered target (Fig. 2) .
The beginning-stage of oxygen contamination must be eliminated for all magnetron sputtered targets with the substrate shielding in the initial stage of processing.
An example of the RBS spectrum for a thick homogeneous magnetron coating, deposited from the previously cleaned target, is shown in Fig. 2 . Fig. 2 . Typical RBS spectrum of the thick TiAlN layer, deposited with the optical control and the results of the spectrum modeling.
To perform the wide-range energy spectrum modelling, specially developed Head 6 software was used. The basic advantage of the used simulation procedure over the conventional programs is the account of the ion detection equipment non-linearity by the original calibration procedure and the four-point polynomial t. As can be seen in Young's modulus E, and elastic work W were calculated from the load-unload displacement curves. The data in Table illustrates a 
Conclusions
The best compositional uniformity of layers and formation of gradient layers are achieved by the usage of the optically controlled magnetron sputtering, beam assisted deposition is favourable and perspective in the cases when the production of composite targets is a problematical one.
The beginning-stage of oxygen contamination must be eliminated for all magnetron sputtered targets with the substrate shielding at an initial stage of processing.
The experimental data illustrates a strong eect of Al concentration in achieving coatings with high hardness.
The best hardness and wear protection are revealed for the TiAlN systems deposited in a narrow range of the component concentrations and substrate temperatures.
